Objective To determine how length of anticoagulation and clinical presentation of venous thromboembolism influence the risk of recurrence after anticoagulant treatment is stopped and to identify the shortest length of anticoagulation that reduces the risk of recurrence to its lowest level.
INTRODUCTION
Venous thromboembolism, which encompasses deep vein thrombosis and pulmonary embolism, is usually treated with a short course of a parenteral heparin, followed by a longer course of oral vitamin K antagonist treatment. 1 The decision to continue anticoagulant treatment beyond the first few months is based on the treating physician's perception of the benefits and harms of continuing treatment and on the patient's preference. The benefits and harms associated with different lengths of vitamin K antagonist treatment have been evaluated in several studies that randomly allocated patients with venous thromboembolism to receive different lengths of treatment. Three clear messages have emerged from the findings of these studies. Firstly, in unselected patients with venous thromboembolism, shortening the length of treatment from three or six months to 1.0 or 1.5 months results in a substantial increase in the frequency of recurrent thromboembolism after anticoagulants are stopped. [2] [3] [4] Secondly, vitamin K antagonist treatment targeted to an international normalised ratio of 2.5 is very effective at preventing recurrent venous thromboembolism. 5 6 Thirdly, the risk of recurrent thromboembolism increases after vitamin K antagonist treatment is stopped. 2-4 7-9 However, the results of these individual trials, and meta-analysis of summary data of their findings, [10] [11] [12] [13] [14] have failed to answer many important questions relating to the optimal length of vitamin K antagonist treatment for venous thromboembolism.
The most important limitation of individual studies that have evaluated the optimal length of vitamin K antagonist treatment for venous thromboembolism is that they only compared two lengths of treatment. Consequently, although studies could identify which of two lengths of treatment was superior, no study was in a position to determine if the superior length of treatment was also the optimal length of treatment; perhaps a third length of treatment would result in even better clinical outcomes. Another limitation of individual studies is that they included insufficient numbers of patients in subgroups to be able to determine if the main findings of each study applied to all patients. For example, if clinical features identify a sub-population of patients with venous thromboembolism who have a substantially lower risk of recurrent thrombosis after vitamin K antagonist treatment is stopped, such patients might benefit from a shorter duration of treatment.
By increasing the number of patients studied and the spectrum of lengths of treatment evaluated, and by enabling time to event analyses and adjustment for confounding variables (such as patients' age and sex), meta-analysis of individual patients' data from several trials has the potential to answer questions that individual trials, and meta-analyses of aggregate data from such trials, cannot answer. 15 For this reason, the authors of seven studies that compared various length of vitamin K antagonist treatment for venous thromboembolism pooled individual patients' data from their studies. 3 4 6-9 12 Our primary goal was to identify the shortest length of treatment that reduced the risk of recurrence to its lowest value after stopping treatment, including in subgroups defined according to the location of the initial venous thromboembolism (for example, isolated distal deep vein thrombosis, proximal deep vein thrombosis, pulmonary embolism) 4 9 16 17 and whether thrombosis was provoked by a temporary risk factor or was unprovoked (that is, no temporary risk factor or association with cancer was present).
2-4 9 18

METHODS
Description of original studies
The seven included studies enrolled adult men or women with objectively confirmed deep vein thrombosis or pulmonary embolism who did not have known cancer at diagnosis (some patients with cancer were included in one study but excluded from this analysis 3 ); treated patients with different lengths of vitamin K antagonist treatment adjusted to achieve an international normalised ratio of 2.0 to 3.0 3 6-9 12 or 2.0 to 2.85 4 ; prospectively followed patients after anticoagulant treatment was stopped; and used objective testing to diagnose recurrent venous thromboembolism (table 1). All studies included participants who were randomly allocated to one of two lengths of treatment. Two studies included two distinct populations of patients, each with its own randomised treatment options (table 1) . 8 9 In addition to the randomised participants, one study included a concurrent cohort who were treated for three months because they had abnormal impedance plethysmography four weeks after diagnosis of deep vein thrombosis. 3 One study contributed patients to this analysis who were not included in the initial publication because they had yet to complete 12 months of follow-up. 8 Another study contributed data on patients who stopped anticoagulants after 27 months that were not included in the original publication. 6 We identify studies by their acronyms as follows: Optimal Duration of Anticoagulation study (ODAC), 3 Duree Optimale du Traitement Anti Vitamines K study (DOTAVK), 9 Duration of Anticoagulation study 1 (DURAC 1), 4 Long-term Anticoagulation for First Idiopathic Thrombosis study (LAFIT), 6 Warfarin Optimal Duration Italian Deep Vein Thrombosis study (WODIT DVT), 7 Warfarin Optimal Duration Italian Pulmonary Embolism study (WODIT PE), 8 and Short term Oral anticoagulation for a First Acute Secondary Thrombosis study (SOFAST) 12 (table 1) . We did not seek data from five small trials that compared lengths of anticoagulation (total of 545 participants), [19] [20] [21] [22] or from two trials that did not routinely use objective testing to confirm recurrent venous thromboembolism. 2 23 Definitions of clinical characteristics We characterised the location of the initial venous thromboembolism as pulmonary embolism, with or without symptomatic deep vein thrombosis; proximal deep vein thrombosis (involvement of the popliteal or more proximal deep veins of the leg) without symptoms of pulmonary embolism; or isolated distal deep vein thrombosis (no involvement of the proximal veins and no symptoms of pulmonary embolism). In distinction to how they were reported in the original publications, patients with pulmonary embolism in DOTAVK and DURAC 1 needed reclassification to 12 and predominantly by ultrasound in DOTAVK 9 (patients with isolated distal deep vein thrombosis were not included in LAFIT, 6 WODIT DVT, 7 and WODIT PE 8 ). We categorised initial venous thromboembolism as either provoked by a temporary risk factor or unprovoked (that is, not provoked by a temporary risk factor, but the patient could have a chronic medical condition other than cancer). The definition of a temporary risk factor differed across studies, but in all studies this category included recent surgery, plaster cast immobilisation of the leg, or admission to hospital. All participants had a first venous thromboembolism with symptoms, except for 5% of patients in LAFIT who had had a previous provoked thrombosis with symptoms, 6 9% in ODAC who had a second thrombosis with symptoms, 3 and 9% in SOFAST who had a first asymptomatic deep vein thrombosis detected by screening after high risk surgery. 12 Length of treatment, follow-up, and diagnosis of recurrent venous thromboembolism after treatment stopped Lengths of treatment included 1.0, 1.5, 3, 6, 12, and 27 months before anticoagulation was stopped and follow-up for this analysis started (table 1). All recurrences were confirmed by each study's independent outcome adjudication committee, and, except for a small number of recurrent episodes of deep vein thrombosis detected by routine impedance plethysmography and confirmed by venography in ODAC, 3 all recurrences were associated with symptoms. We limited follow-up to 24 months after anticoagulant treatment was stopped for this analysis.
Statistical analysis
We divided length of anticoagulation before treatment was stopped into the four categories of 1.0 or 1. 5 months, 3 months, 6 months, and 12 or 27 months. Follow-up for this analysis started the day that anticoagulant treatment stopped and was censored once participants had a confirmed episode of recurrent venous thromboembolism, died, stopped follow-up in the original study, or had been followed for 24 months. We analysed time since stopping anticoagulant treatment as total follow-up (that is, 0-24 months), subdivided into 0-6 month and 7-24 month periods. We calculated rate of recurrence as the number of events divided by the total number of patient years of follow-up (that is, events per 100 patient years).
We used Cox proportional hazard regression modelling, stratified so as to preserve clustering of participants in the original studies, to assess the relation between baseline factors and the rate of recurrent venous thromboembolism. 15 Risk factors of interest were length of anticoagulation before stopping (24) 581 ( (15) 222 (41) 0 (0) 128 (14) 41 (25) 21 (8) 150 (100) 210 (100) 37 (22) 836 (29) No temporary provoking risk factors present* 93 (47) 97 (68) 285 (53) 60 (30) 558 (62) 162 (100) 267 (100) treatment, location of the index venous thromboembolism, and whether the index venous thromboembolism was provoked by a temporary risk factor. We entered age and sex in the model to control for potential confounding effects. We assessed the association between baseline variables and recurrent venous thromboembolism for each of the 0-6 month and 7-24 month periods of follow-up in the Cox proportional hazards modelling as a secondary analysis. We derived adjusted cumulative probabilities of recurrent venous thromboembolism from the multivariable Cox proportional hazard model and plotted them at the mean value of all included covariates.
We assessed differences in the risk of recurrence after different lengths of anticoagulation as follows. We did a χ 2 test for heterogeneity between the four categories of length of treatment. If heterogeneity was statistically significant, we compared the risk of recurrence in the 1 or 1.5 month group with that in the three longer duration groups combined. We then did a test for heterogeneity between the three longer treatment groups, and, if it was significant, we compared the three month group with the six and 12 or 27 month groups combined. For these comparisons, we assumed that a shorter duration of anticoagulation could be associated with a higher, but not a lower, risk of recurrence.
Statistical tests were two sided, and we considered P values less than 0.05 to be statistically significant. We used SAS version 9.1 for all analyses.
RESULTS
Participants' characteristics
We included a total of 2925 participants with a mean age of 60.5 years; 52% were male (table 2). Venous thromboembolism was isolated distal deep vein thrombosis in 20% of participants, proximal deep vein thrombosis in 52%, and pulmonary embolism in 29% (table 2) . Venous thromboembolism was provoked by a temporary risk factor in 40% of participants and was unprovoked in 60%. Length of anticoagulant treatment was 1.0 or 1.5 months in 25% of participants, three months in 36%, six months in 27%, and 12 or 27 months in 12%.
Recurrent venous thromboembolism after anticoagulant treatment stopped
We had 4023 patient years of follow-up, corresponding to a mean follow-up of 1.4 years per patient (table 2) . Three hundred and twelve episodes of recurrent venous thromboembolism occurred during this period, corresponding to an overall rate of 7.8 (95% confidence interval 6.9 to 8.7) per 100 patient years (tables 2 and 3). The rate of recurrence was 12.2 (10.5 to 14.2) per 100 patient years in the first six months after anticoagulant treatment was stopped and 5.5 (4.7 to 6.5) per 100 patient years during months 7-24 (table 3).
Length of anticoagulant treatment and risk of recurrence
In an analysis that included all participants (table 3), the risk of recurrent venous thromboembolism during the 24 month period after anticoagulant treatment was stopped differed among the four treatment duration groups (P=0.02 for heterogeneity in the multivariable model). The risk of recurrent venous thromboembolism during the 24 month period was higher in the 1.0 or 1.5 month group compared with patients who were treated for longer (hazard ratio 1.52, 95% confidence interval 1.14 to 2.02; P=0.004) (fig 1) . The risk of recurrence during the 24 month period was similar in the three month, six month, and 12 or 27 month groups (P=0.86 for heterogeneity), with no convincing evidence that it was higher in the three month group compared with those treated for six months or longer (hazard ratio 1.19, 0.86 to 1.65; P=0.29). The higher rate of recurrence in the 1.0 or 1.5 month group compared with participants who were treated for three months or longer was limited to the first six months after anticoagulant treatment was stopped (hazard ratio 2.12, 1.43 to 3.15; P<0.001), with no apparent difference between these two groups during the 7-24 month follow-up period (1.05, 0.69 to 1.59; P=0.83). Table 4 summarises the risk of recurrence in the 1.0 or 1.5 month group, six month group, and 12 or 27 month group, compared with the three month group.
In participants with provoked venous thromboembolism (table 5), the risk of recurrent venous thromboembolism during the 24 month period was not statistically significantly different among the three treatment duration groups (no participants were treated for 12 or 27 months) (P=0.21 for heterogeneity). However, during the first six months after anticoagulant treatment was stopped, the risk of recurrent venous thromboembolism differed significantly among the three treatment groups (P=0.03 for heterogeneity). In the first six months, the risk of recurrent venous thromboembolism was higher in the 1.0 or 1. 5 month group compared with patients treated for three months or longer (hazard ratio 2.89, 1.25 to 6.69; P=0.013), with no suggestion that the risk of recurrence was higher in participants who were treated for three months compared with six months (0.34, 0.10 to 1.12). The risk of recurrence was similar in the three treatment duration groups during the 7-24 month period after anticoagulant treatment was stopped (P=0.94 for heterogeneity), with no suggestion that the risk of recurrence was higher in the 1.0 or 1.5 month group compared with those treated for longer during this period (hazard ratio 0.97, 0.43 to 2.17; P=0.94).
In participants with unprovoked venous thromboembolism (table 6), the risk of recurrent venous thromboembolism during the 24 month period differed among the four treatment duration groups (P=0.009 for heterogeneity). The risk of recurrent venous thromboembolism during the 24 month period was higher in the 1.0 or 1.5 month group compared with patients treated for three months or longer (hazard ratio 1.52, 1.09 to 2.12; P=0.014). This difference mainly occurred in the first six months after anticoagulant treatment was stopped (hazard ratio 2.00, 1.27 to 3.17; P=0.003), with little suggestion that the risk of recurrence during the 7-24 month period was higher in the 1.0 or 1.5 month group compared with those treated for longer (1.10, 0.67 to 1.80; P=0.70). We found a trend for a higher risk of recurrent venous thromboembolism during the 24 month period in the three month group compared with those treated for six months or longer (hazard ratio 1.39, 0.96 to 2.01; P=0.08). During the first six months of follow-up, this difference was statistically significant (1.70, 1.02 to 2.82; P=0.041).
Location of initial episode of venous thromboembolism and risk of recurrence
The risk of recurrence during the 24 month period was lower in participants with isolated distal deep vein thrombosis than in those with proximal deep vein thrombosis (hazard ratio 0.49, 0.34 to 0.71; P<0.001) or pulmonary embolism (0.41, 0.27 to 0.63; P<0.001) (table 3 and fig 2) . During the 24 month period, the risk of recurrence was similar in participants with pulmonary embolism and proximal deep vein thrombosis (hazard ratio 1.19, 0.87 to 1.63; P=0.27). However, the risk of recurrence in participants with pulmonary Time since stopping treatment (months) We found no suggestion that this subgroup of participants had a higher risk of recurrence if they were treated for 1.0 or 1.5 months compared with three months or longer (hazard ratio 0.36, 0.09 to 1.54; P=0.17), although only nine recurrent episodes of venous thromboembolism contributed to this comparison. In contrast, participants with unprovoked isolated distal deep vein thrombosis (table 6) had a high absolute risk of recurrence (8.1 (5.7 to 11.6) per 100 patient years), and the risk of recurrence was higher in such participants who were treated for 1.0 or 1.5 months compared with a longer duration of treatment (hazard ratio 2.30, 1.05 to 5.03; P=0.04).
DISCUSSION
This analysis found that three months of anticoagulant treatment resulted in a similar risk of recurrence after treatment was stopped to a longer duration of treatment and that shortening treatment to 1.0 or 1. 5 months doubled recurrence rates. Subgroup analyses suggested two possible exceptions to these overall findings. Firstly, patients with isolated distal deep vein thrombosis provoked by a temporary risk factor did not seem to have a higher risk of recurrence if they were treated for only 1.0 or 1.5 months. Secondly, patients with unprovoked venous thromboembolism seemed to have a lower risk of recurrence if they were treated for six months or longer compared with three months. When a shorter course of treatment was associated with a higher rate of recurrence, this increase was confined to the first six months after stopping treatment.
The analysis also confirmed, and more precisely defined, that the risk of recurrence after stopping treatment is about double when venous thromboembolism is unprovoked compared with if it is provoked by a temporary risk factor 2-4 9 18 ; that the risk is about half after an isolated distal deep vein thrombosis compared with after either a proximal deep vein thrombosis or a pulmonary embolism 4 9 16 ; and that the rate of recurrence during the first six months of follow-up is about double the rate during the next 18 months. 24 Patients with venous thromboembolism and cancer, who generally remain on anticoagulant treatment long term because they have a high risk of recurrence, were not included in the analysis. 1 
Strengths and limitations
Strengths of our analysis that increase the precision and validity of its findings are that we included data from a large number of participants, baseline variables were recorded at enrolment rather than retrospectively, the time of stopping anticoagulant treatment was well documented, participants were followed prospectively with very few unexplained losses to follow-up, and recurrent thrombosis was accurately diagnosed by adjudication committees. Limitations are that participants were not consecutive patients with venous thromboembolism, the precision of estimates among subgroups is still limited, only 12% of participants were in the 12 or 27 month group (all had unprovoked proximal deep vein thrombosis or pulmonary embolism), we were unable to assess the influence of thrombophilic states and other laboratory variables on risk of recurrence, and inferences about the influence of different lengths of treatment on risk of recurrence are based on comparisons across studies as well as within studies. In addition, we were unable to differentiate between patients who had venous thromboembolism provoked by minor and major temporary risk factors, a distinction that has been shown to influence the risk of recurrence, with a particularly low risk of recurrence if thrombosis was associated with recent surgery. 25 Another potential limitation is that the analysis included a non-randomised cohort of patients with proximal deep vein thrombosis who were treated for three months because they had abnormal impedance plethysmography after one month of treatment, and some of the recurrent episodes of deep vein However, a sensitivity analysis that excluded this study resulted in similar findings (data not shown).
Clinical implications and conclusions
The clinical implications of our findings are that if patients with venous thromboembolism do not have an indication for indefinite anticoagulant treatment they generally should stop treatment at three months. As patients with a provoked isolated distal deep vein thrombosis who were treated for 1.0 or 1.5 months had a low risk of recurrence, and as extending treatment to three months did not seem to further lower this risk, our results suggest that the risk of recurrence will not be excessive if such patients need to stop anticoagulants before they have completed three months of treatment. Patients with unprovoked proximal deep vein thrombosis or pulmonary embolism had a high risk of recurrence whenever they stopped treatment; consistent with this observation, several studies suggest that these patients will often benefit from indefinite anticoagulant treatment. 1 26 27 If patients with unprovoked proximal deep vein thrombosis or pulmonary embolism are not treated indefinitely, this analysis suggests that their risk of recurrence may be higher if they are treated for three months rather than six months (recurrent venous thromboembolism during the six months after stopping treatment in participants with unprovoked proximal deep vein thrombosis or pulmonary embolism who were treated for three months compared with six months or longer: hazard ratio 1.57, 95% confidence interval 0.94 to 2.61; P=0.08). However, as the increase in recurrent venous thromboembolism in the three month group was of borderline statistical significance, as we found no suggestion of a comparable increase in participants with provoked proximal deep vein thrombosis or pulmonary embolism who were treated for three months rather than six months, and as this finding was one of many subgroup analyses, we cannot be certain that this was a true increase. Although extending treatment from three months to six months in such patients may reduce the subsequent risk of recurrent venous thromboembolism, this potential benefit needs to be balanced against a higher risk of bleeding with, and the greater cost and inconvenience of, the longer duration of treatment. 1 Elevated D-dimer concentrations during or after anticoagulant treatment seem to be a valuable predictor of recurrence in patients with unprovoked venous thromboembolism. [28] [29] [30] This analysis was unable to assess if D-dimer or other laboratory variables were predictors of recurrence. If such factors improve identification of the subgroup of patients with unprovoked venous thromboembolism who can stop anticoagulant treatment because they have a low risk of recurrence, the results of this analysis suggest that treatment can be stopped after three months of anticoagulation.
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WHAT IS ALREADY KNOWN ON THIS TOPIC
In general, venous thromboembolism should be treated for at least three months, and the risk of recurrence increases when anticoagulant treatment is stopped
Whether treatment of venous thromboembolism for longer than three months reduces the risk of recurrence when anticoagulation is ultimately stopped is uncertain
Whether the minimum length of anticoagulant treatment should be influenced by the initial presentation of venous thromboembolism is also uncertain
WHAT THIS STUDY ADDS
If the risk of recurrent venous thromboembolism is not high enough to justify indefinite anticoagulation, treatment can be stopped after three months in most patients
The risk of recurrence after stopping anticoagulants is doubled if venous thromboembolism was a proximal deep vein thrombosis or pulmonary embolism compared with an isolated distal deep vein thrombosis
The risk is also doubled if thrombosis was unprovoked rather than provoked by a temporary risk factor, and the influence of these two factors on the risk of recurrence is additive 
